Abstract When respondents do not understand the meaning of a survey question, they will not supply valid and reliable answers. Survey methodologists should therefore benefit from computer tools and other analytical schemes that help them identify problems with questions with respect to comprehension difficulty. We developed a Web facility called Question Understanding Aid (QUAID; www.psyc.memphis.edu/ quaid.html) that assists survey methodologists in identifying problems with the wording, syntax, and semantics of questions on questionnaires. The survey methodologist enters the question into the Web facility, along with any context information and answer alternatives that accompany the question. QUAID quickly returns a list of potential problems with question comprehension, including unfamiliar technical terms, vague or imprecise relative terms, vague or ambiguous noun phrases, complex syntax, and working memory overload. This article describes QUAID and some empirical studies that have assessed the validity and utility of QUAID's critiques of questions. The output of QUAID was compared with the judgments of experts in language, discourse, and cognition during the development of the tool. In one evaluation, expert survey methodologists critiqued and revised problematic questions, whereas in a second evaluation survey methodologists evaluated the ARTHUR C. GRAESSER is a professor in the
quality of original problematic questions, questions revised with the assistance of QUAID, and questions revised without QUAID. In a third evaluation, eye-tracking data were collected while respondents read questions on a computer screen and answered questions aloud. Respondents had a tendency to give up processing difficult questions too early (called an early exit), which potentially threatens the validity of the respondents' answers. Survey methodologists are encouraged to use QUAID and further evaluate its validity and utility.
Questions on a survey should elicit valid and reliable answers from respondents in a short amount of time. The goals of validity, reliability, and efficiency cannot be met if respondents have trouble comprehending the questions. Survey methodologists must somehow identify questions that are difficult for respondents to comprehend. They also need some theoretical and empirical guidance for identifying what is wrong with problematic questions so they can be appropriately repaired.
In order to achieve these goals, survey methodologists have developed several methods for pretesting survey questions. Methods of pretesting include conventional pretests, formal appraisal systems, panels of experts, cognitive interviews with respondents, respondent debriefings, behavior coding, and analysis of response latencies (Presser et al. 2004 ). The most common method is conventional pretesting in which a small number of interviewers collect data from a small number of respondents and then gather in a debriefing session to discuss their perceptions of question problems. In a formal appraisal system, experts identify particular problems with questions that are anticipated according to an analytical coding scheme (Lessler and Forsyth 1996) . A successful scheme helps survey methodologists identify problems that otherwise would be missed when they rely exclusively on their own intuition. In cognitive interviews, the respondents either provide "think aloud" protocols or verbally respond to interviewers' question probes during the process of answering the survey questions (Willis, DeMaio, and Harris-Kojetin 1999) . Some of the problems with questions can be articulated by respondents, whereas others are too subtle to capture the respondents' attention or are too difficult for respondents to express verbally. Therefore, there are advantages to including behavior coding methods whereby experts systematically analyze the behavior of a small sample of respondents during the process of completing a survey. Behavioral signals that respondents are having difficulties with a question include long pauses after the question is asked, puzzled facial expressions, and requests for clarification (Fowler and Cannell 1996; Schober and Conrad 1997) . Although there is a rich variety of pretesting methods, these methods have rarely been systematically compared in evaluations of reliability, validity, and cost-effectiveness with respect to time and money (Presser and Blair 1994) .
A new approach for pretesting is to build a computer program that identifies problems with questions in a theoretical, principled, and systematic fashion (Graesser et al. 2000) . This approach was pursued in the present project. We developed a computer program called Question Understanding Aid (QUAID) that critiques questions on five classes of comprehension problems. QUAID attempts to automate both the detection and the diagnosis of problems, which may be missed by the alternative pretesting methodologies. The computer program implements new analytical methods of diagnosing comprehension problems with computational modules that have recently been developed in computer science, computational linguistics, discourse processing, and cognitive science.
QUAID was originally inspired by models in cognitive psychology and survey methodology that dissect different stages of question answering (Jobe and Mingay 1991; Lessler and Sirken 1985; Schwarz and Sudman 1996; Sirken et al. 1999; Sudman, Bradburn, and Schwarz 1995; Tourangeau 1984) . Most of these models include the stages of question interpretation, memory retrieval, comparative judgment, and response selection. The fidelity and variability of question interpretation among respondents are known to be one of the serious sources of error that threaten the reliability and validity of answers to questions (Fowler and Cannell 1996; Groves 1989; Lessler and Kalsbeek 1993; Schober and Conrad 1997) . Therefore, revising questions to minimize interpretation problems is one important strategy for reducing measurement error. QUAID was designed to diagnose interpretation problems but was not designed to facilitate other stages of questions answering (i.e., memory retrieval, judgment, and response selection).
The fact that QUAID both detects and diagnoses problems with questions would presumably be useful to researchers and practitioners in the survey world. When QUAID detects a problem with a question, that is a signal that the survey researcher should consider modifying the wording of the question to minimize comprehension problems. QUAID diagnoses particular problems with a question so there is some specific guidance on what needs to be changed to repair the question. It is the survey methodologist who has the burden of generating a new revised question, however. QUAID detects and diagnoses problems, but it does not automatically revise and repair the questions.
It currently is an open question as to whether QUAID provides critiques that are valid. This article reports some initial evaluations of QUAID, but more research is needed to fully evaluate whether its critiques will successfully guide survey methodologists to revise problematic questions in a fashion that improves the reliability and validity of the answers to the questions. We encourage survey researchers to use QUAID as another window for pretesting questions and to evaluate whether the revised questions are an improvement in formal evaluations.
QUAID ultimately incorporated five modules that critique questions on potential comprehension difficulties at various levels of language, discourse, and world knowledge. The critique identifies (1) words that are unfamiliar to many adults, (2) unclear relative terms (i.e., verbs, adjectives, adverbs), (3) vague or ambiguous noun phrases, (4) questions with complex syntax, and (5) questions that overload working memory. These five classes of problems not only are computationally tractable (i.e., within the capabilities of modern computer technologies) but also were very frequent in a corpus analysis of questions in information surveys (Graesser et al. 1996; Graesser et al. 1999 ).
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The remainder of this article is divided into three sections. The first section describes QUAID's Web facility and the five problems with the questions it identifies. The second section describes a series of studies that perform some empirical assessments of the validity and utility of QUAID. QUAID is valid and useful to the extent that it helps survey methodologists do a better job diagnosing problems with questions and revising problematic questions. Another test of validity is whether it accounts for the eye-tracking performance of respondents while they answer questions. The reported empirical investigations provide prima facie evidence of the validity and utility of QUAID's output. The third section points out some limitations with the current version of QUAID, directions for further development, and practical uses of the tool.
QUAID
QUAID runs on the Web (www.psyc.memphis.edu/quaid.html) and can be used by the public at no cost. Online registration is needed in order to use the tool. The Web version of QUAID will handle only one question at a time for the general public. We have in-house utilities for processing a set of survey questions in batch mode; these are available to researchers at a modest cost. Figure 1 shows the main QUAID Web page, along with an example question and output for illustration. The right banner presents a list of hypertext links to help facilities. At the top is an instruction link with information on how to use the tool. Then there are links to help facilities for each of the five problems with questions. There are multiple levels of help for each problem, starting with a brief description of the problem (i.e., as in the appendix) and ending with numerous example questions with problems within a particular category. The question is submitted to QUAID through the windows at the left of figure 1.
There are three slots of information that the user can enter: the Question, the Context, and the Response Items. The Question is the main question that is being asked, whereas the Response Items (if any) are the answer options that the respondent may select. The Context slot includes sentences presented to 1. A corpus analysis was conducted on questions in information surveys (such as those collected by the U.S. Census Bureau), the 1040 income tax form, an application to graduate school at a university, a dentist intake form, and an application form for a job at Kinko's in order to determine potential problems with questions. Researchers trained in cognitive science, psycholinguistics, and discourse processes identified 12 problems with questions that occur in surveys, which are listed and briefly described in the appendix. the respondent that clarify the meaning of the question and instructions on how the respondent is supposed to formulate an answer. The content of the three slots is illustrated in the example below and in figure 1: QUESTION: From the date of the last interview to December 31, did you visit any public parks or publicly owned natural areas within a one-mile radius of your home, for the purpose of observing, photographing, of feeding wildlife? CONTEXT: If from the date to December 31 is less than 2 weeks, then consider 2 weeks before that time. RESPONSE ITEMS: Yes | No | Don't Remember
The user enters the question in the windows either by typing or by pasting information from other applications, such as text editors. After submitting the question and its related information, QUAID's critique appears within a few seconds in the center of the Web page. There is a list of all problems QUAID has identified and a short description of each problem. There also is a help facility that defines each problem more completely and gives examples of particular problems. The critique and help facility together allow the survey methodologist to dissect and repair the problem with a particular question.
QUAID's critique uncovered a number of potential problems with the above example. In fact, this example question exhibits all five of the problems with questions that QUAID attempts to spot. We see that radius is an unfamiliar technical term, less is a vague or imprecise relative term, and wildlife is a vague or ambiguous noun phrase. The syntax is complex because QUAID states that 0.36 constituents per word are counted; this means that there is a large density of structural embeddings in the sentence composition of the Question slot. The precise meaning of this parameter can be reconstructed from the help facilities. The question also imposes a large load on working memory because two or's are counted. Sentences with two or more or's tax working memory because the respondent needs to keep track of a mental table of options that potentially has many cells. When crossing public parks versus natural areas with observing, versus photographing, versus feeding wildlife, there are six cells (2 × 3 = 6) that need to be considered. The number of cells quickly becomes unmanageable when there are more dimensions and more alternative values per dimension.
It is beyond the scope of this article to provide the technical details of how QUAID identifies problems. These can be reconstructed, to some extent, from the subsequent description of the algorithms and the help facilities on the Web site. As an example, unfamiliar technical terms are identified by accessing electronic lexicons that specify the frequency of words in the English language. If the frequency for a word is too low (i.e., below some threshold), then the word is flagged as a potential technical term. However, it is the survey methodologist who ultimately decides whether it is likely to be unfamiliar to the target population of respondents.
In the case of syntax, there are metrics that compute the number of constituents at the top level of a syntactic parse tree (i.e., which is similar to the diagrams of sentence structures that most teachers cover in grade school classes), the number of subordinate clauses, the number of relative clauses, and the number of modifiers of nouns in noun phrases. Jurafsky and Martin (2000) is an excellent source that covers the recent developments in computational linguistics and natural language processing in artificial intelligence. During the process of designing and developing QUAID, we used correlational analyses to explore which of the alternative measures of syntactic complexity best predicts expert ratings of syntactic complexity, as reported in previous publications (Graesser et al. 2000; Graesser et al. 2001 ).
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Below is a succinct description of the five problems with questions and how we computed the problems algorithmically:
2. Graesser et al. (2000) conducted a study that collected ratings from three experts who were extensively trained on problems with questions and had a deep understanding of cognitive science, psycholinguistics, and discourse processes. They evaluated a corpus of 550 questions on the first nine of the 12 problems in the appendix. The following rating scale was used in making these judgments for each potential problem with a question: 1 = definitely not a problem, 2 = probably not a problem, 3 = probably a problem, and 4 = definitely a problem. These ratings were correlated with the components and parameters of QUAID during the design and development of the tool.
Unfamiliar technical term.
There is a word or expression for which few respondents would know the meaning. A word is tagged as unfamiliar if it is not found in an available electronic lexicon or is below the threshold in the following lexicons with frequency or familiarity metrics: Francis and Kucera's (1982) written frequency, Thorndike and Lorge's (1944) written frequency, Brown's (1984) 
, items, amount, it, there).
A word is flagged as problematic if one or more of the following conditions is met: (a) the hypernym value is less than a threshold when its entry is looked up in an electronic lexicon called WordNet (Miller et al. 1990 ), (b) the polysemy value of a head noun is greater than a threshold when its entry is looked up in WordNet, (c) the concreteness value of a noun is less than a threshold when its entry is looked up in the MRC database, or (d) it is in a list of vague terms. The hypernym value is an index of a word's abstractness according to WordNet's theoretical taxonomic hierarchy (e.g., Honda → automobile → vehicle → device → object → entity). A low hypernym value for a word means that it is very superordinate in the hierarchy, relatively abstract, and vulnerable to vagueness or ambiguity. The polysemy value is the number of different senses of a word. For example, the word bank has at least two senses, such as an edge of a river and a location that handles money. Words that have many senses are more vulnerable to ambiguity. According to QUAID, concrete words are less vulnerable to ambiguity and vagueness than abstract terms are. The concreteness norms of the MRC database were therefore expected to predict experts' judgments of questions with problematic noun phrases, and indeed they did. As with all metrics in QUAID, a threshold was determined by varying candidate thresholds and identifying the value that maximizes correlations with expert ratings of questions as to whether they contain a particular problem (in this case, vague or ambiguous noun phrases). 4. Complex syntax. The grammatical composition is embedded, dense, structurally ambiguous, or not well formed syntactically. Syntactic parsers are used in conjunction with Brill's (1995) part-of-speech classifier when syntactic analyses are performed. A sentence is flagged as having complex syntax if one of the following conditions is met: (a) the number of words before the main verb of the main clause is greater than a threshold, (b) the number of modifiers of a noun in a noun phrase is greater than a threshold, or (c) the mean number of higher-level constituents per word is greater than a threshold. A sentence with many higher-level constituents per word is structurally complex, has many levels of structure, or is not syntactically well formed. 5. Working memory overload. Words, phrases, or clauses impose a high load on immediate memory. A sentence is flagged if one or more of the following conditions is met: (a) the number of higher-level constituents per word is greater than a threshold, (b) the number of conjunctions is greater than a threshold, or (c) a threshold is exceeded on the number of words that signify logical operations (if, or, and, no, not) . These characteristics of questions require the respondent to keep in mind a large number of words, constituents, linguistic levels, variables, values, or alternative possibilities.
Evaluations of QUAID's Validity and Utility
This section reports some empirical studies that assess the validity and utility of QUAID's critiques of questions. In one set of studies, expert survey methodologists critiqued and revised problematic questions. QUAID's validity would be confirmed if its output included the critiques provided by experts. However, the agreement might not end up being particularly high if QUAID can diagnose important problems that are missed by experts. A low agreement between experts and QUAID would suggest that QUAID simply offers another view on question problemhood, unless there were some grounding in a defensible gold standard (such as response errors).
In another study, survey methodologists evaluated the quality of original problematic questions, questions revised by a previous sample of survey methodologists with the assistance of QUAID, and questions revised without QUAID. The validity and utility of QUAID would be supported if the revised questions received higher evaluations when the survey methodologists had used QUAID, compared with their revisions without QUAID. Moreover the revised questions with access to QUAID should be judged as better than the original questions.
In the final study, we collected eye movements and fixations while respondents answered questions aloud. We expected different eye-tracking behavior for questions with problems than for those without problems. The critiques of QUAID would be validated if there are interpretable differences between problematic and unproblematic questions according to QUAID.
EXPERT SURVEY METHODOLOGISTS REVISE AND CRITIQUE PROBLEMATIC QUESTIONS
If QUAID is a useful tool, then it should identify important problems with questions that are sometimes missed by survey methodologists. Consequently, survey methodologists should end up critiquing and revising questions more effectively with the assistance of the tool than without it. In this study, 12 expert survey methodologists revised and critiqued a sample of problematic questions either with the assistance of QUAID or without the assistance of QUAID. The expert survey methodologists were volunteers from the U.S. Census Bureau, the Bureau of Labor Statistics, the General Accounting Office, and the National Center for Health Statistics. Sixty of the most problematic questions from the 550 U.S. Census questions investigated by Graesser et al. (2000) were randomly divided into three groups of items (sets A, B, and C). The experts first revised and critiqued the questions in one of the sets without the use of QUAID. They subsequently revised and critiqued the questions in another set with the assistance of the QUAID tool. The critique consisted of a list of descriptions about what is wrong with each question. There was a space for the expert to revise the question. Each expert was offered $100 for participating in the experiment, but most of the experts declined the payment and participated for intellectual curiosity rather than financial incentives.
As an example, consider the following question from one of the surveys that suffers from a number of problems: "At any time during the last 12 months, were you or any member of your household enrolled in or receiving benefits from free or reduced-priced meals at school through the Federal School Lunch program or the Federal School Breakfast program?" According to QUAID, this question has four out of the five problems. Enrolled is counted as an unfamiliar technical term, whereas household is flagged as a vague or ambiguous noun phrase (i.e., a low hypernym count). These words would probably not be viewed as problematic according to most survey methodologists, but they are nevertheless detected by QUAID. The other two problems are more obvious and presumably would lead to a revision by survey methodologists. There is complex syntax because 16 words precede the main verb of the main clause. This problem routinely occurs for sentence constructions that have subordinate clauses preceding the main clause and other forms of leftembedded syntax. There is working memory overload because the sentence has many conjunctions (particularly or), so the respondent needs to keep track of a mental matrix with many combinations. The survey methodologist would hopefully identify these problems and revise the question accordingly. For example, the revision below would handle the problems of syntactic complexity and working memory overload: "Some families participate in a Federal School Lunch program or a Federal School Breakfast program. These programs provide free or reduced-priced meals at schools. Did you or any member of your household receive these benefits during the last 12 months?"
Two research assistants analyzed the critiques of the survey methodologists by scoring whether the five problems with questions were identified. That is, for each question critiqued by a particular expert, the researcher decided whether a particular problem, P, was or was not articulated in those protocols in which there was no QUAID tool to use. The two researchers had moderate to good reliability in making these judgments; the kappa's are .60, .58, .69, .54, and .56 for problems 1 through 5, respectively. It is informative to note that the expert survey methodologists did not identify most of the problems that QUAID identified. The probabilities that the experts identified a problem, given that QUAID did, were .10, .11, .46, .47, and .37, respectively. The experts did a much better job identifying vague or ambiguous noun phrases, complex syntax, and working memory load than they did identifying unfamiliar terms and vague/imprecise relative terms. The fact that the expert methodologists did not identify most of the problems that QUAID identified supports the general claim that QUAID uncovers some new problems that are not in the radar of expert survey methodologists. Graesser et al. (1999) report that college student respondents are also not very good at identifying problems with questions. A sample of 24 college students at the University of Memphis provided written critiques of 38 problematic questions that were extracted from a census form, a dentist intake form, an application to graduate school, and a Kinko's job application. The questions had at least one of the problems in the appendix according to experts. The college students were instructed to write down two problems with each question. The results reveal that untrained literate adults are very poor at identifying the 12 problems listed in the appendix. The only two problem categories that they could identify in any discriminating fashion are unclear technical terms (category 1) and vague or ambiguous noun phrases (category 3). The other categories were not in their radar. This result supports the utility of QUAID over and above the use of think-aloud protocols and other forms of pretesting from samples of respondents. The thoughts and critiques of questions by a sample of respondents will miss problems with questions that are identified by QUAID. Of course, we are assuming here that the additional problems identified by QUAID are valid problems that present comprehension difficulties.
EXPERT SURVEY METHODOLOGISTS SELECT BETWEEN ORIGINAL AND REVISED QUESTIONS
If QUAID is a useful tool, then the revisions that expert survey methodologists produce should be perceived as better when they have QUAID at their disposal. In this study, another sample of 12 expert survey methodologists completed a two-alternative forced-choice (2AFC) test in which pairs of questions were presented and they judged which of the two questions would be easier to comprehend for most respondents. We paired original questions with questions revised by survey methodologists with the assistance of QUAID (called SM + QUAID revisions). Similarly, we paired original questions with questions revised by survey methodologists who had no access to QUAID (called SM-alone revisions). The revised questions were randomly sampled from the previous experiment in which experts revised problematic questions. Random guessing in the 2AFC test would produce a score of .50. A preference score measured the extent to which their choice of the revised question (R) was above .50, computed as [(R -.50)/(1 -.50)]. A preference score of 0 constitutes chance responding, whereas a preference score of 1 signifies that the revised question is always preferred over the original question. The preference score for SM + QUAID revisions is .30, which is significantly above 0 (with 95 percent confidence intervals of ±.24). The preference score for SM-alone revisions is .17, which also is significantly above 0 (with 95 percent confidence intervals of ±.10). The difference in preference scores for SM + QUAID revisions versus SM-alone revisions is only significant at a liberal one-tailed test at a reduced alpha, t(11) = 1.77, p = .10. However, the effect size of the SM + QUAID condition compared to the control is a respectable 1.3 standard deviation units. Although the results could be more robust statistically, they are consistent with the claim that survey methodologists will improve the comprehensibility of problematic questions more with the QUAID tool than without the QUAID tool.
The above experiment was replicated except that college students completed the 2AFC test instead of the expert survey methodologists. The preference scores for college students are not significantly different for SM + QUAID question revisions and SM-alone question revisions, .13 versus .18, respectively. This difference is in the wrong direction and not statistically significant. This result is consistent with the claim that respondents have difficulty judging question quality and problems in comprehension (see also Graesser et al. 1996; Graesser et al. 1999) . Expertise in survey methodology or in cognitive science, discourse, and language is needed to make reliable judgments on the difficulty of interpreting questions (Presser et al. 2004 ). There are inherent limitations in methodologies that exclusively use focus groups and one-on-one interviews with samples of respondents during pretesting, at least with respect to dissecting linguistic problems with question interpretation (Presser and Blair 1994) .
EYE TRACKING WHILE ANSWERING QUESTIONS
The previous studies support the general claim that QUAID detects many of the subtle aspects of language, discourse, and world knowledge that are not detected by experts and respondents off-line. In this final study, we conducted an eye-tracking experiment to determine whether readers can detect these subtleties online. The collection of eye-tracking data provides a different method of diagnosing problematic questions with respect to question interpretation. Eye-tracking patterns presumably serve as a sensitive index of online comprehension processes. If a question is difficult to comprehend, then there should be multiple fixations on words and regressive eye movements. Words that are difficult to interpret should have longer total fixation times than words that are easy to interpret. We collected eye-tracking data in order to assess whether the problems identified by QUAID are manifested in eye movements and gaze durations.
We adopted some working assumptions about eye movements in the present study. One assumption is that there is a sufficiently close connection between the display item viewed and the content being thought about, as well as between the time fixating on display items and the amount of cognitive processing (Just and Carpenter 1980; Rayner 1998) . A second assumption is that eye movements provide an important window for dissecting the cognitive processes in tasks that require deeper levels of processing, which would include the answering of survey questions. Eye-tracking analyses have indeed provided an illuminating method of investigating problem solving (Grant and Spivey 2003; Knoblich, Ohlsson, and Raney 2001) , reasoning (Graesser et al. 2005; Just and Carpenter 1992) , and the comprehension of stories, informational texts, and advertisements (Just and Carpenter 1980; O'Brien et al. 1997; Rayner et al. 2001 ).
In the eye-tracking experiment we conducted, college students read and answered questions selected from the corpus of 550 survey questions.
3 There were three sets of questions. One set was run only on college students who were hunters because there were questions from surveys that presupposed the 3. The eye-tracking equipment was an Applied Science Laboratory Model 501 eye tracker with a head-mounted device. A head-mounted apparatus was used so that participants could move their heads and speak during data collection. Participants were calibrated both before the experimental session began and throughout the session to ensure reliable data. During calibration, participants viewed nine points on a 1,024 × 768 computer monitor, and the eye tracker recorded corresponding x-y coordinates. The temporal resolution of the eye tracker was 60 Hz. The spatial resolution was a .50 degree angle horizontally and a .40 degree angle vertically. respondent was a hunter. There were three surveys in set A. The questions students read and answered included a sample of problematic and unproblematic questions in the order that they appeared in the following surveys: Adolescent Self-Administered Questionnaire (ten questions), Hunting and Fishing Questionnaire (17 questions), and American Community Survey (five questions). A question was defined as problematic if it contained at least one problem according to QUAID. The sample administered the second set (B) included college students who were parents because some of the questions presupposed the respondent was a parent. Set B included the National Health Survey-Child Prevention Module (seven questions), the 1998 National Health Interview Survey Basic Module-Adult Core (15 questions), and the American Community Survey (five questions). A third set (C) could accommodate any college student as a participant and included the Nonconsumptive User's Questionnaire (eight questions), the Adult Core IV (nine questions), the American Community Survey (five questions), and the U.S. Census 2000 Dress Rehearsal (five questions). The numbers of participants who completed sets A, B, and C are 7, 9, and 9, respectively. After the eye-tracking data were collected, the participants completed a Wechsler Abbreviated Scale of Intelligence (Psychological Corporation 1999) and an information sheet about demographic information and university training.
During each trial, the participant advanced to the next question by hitting a space bar. Then the question appeared on the screen. The participant read the question and answered the question aloud. We recorded the eye-tracking data while the students read the question, audio recorded their answers, and videotaped the computer screen.
Our analysis of the eye-tracking data turned out to be an intense data-mining exercise because of the complex patterns of eye movements that were manifested. We began with the simple but incorrect assumption that readers would linearly read through the question one word at a time from left to right and top to bottom. This is the pattern that most readers tend to manifest, with notable exceptions, in the case of other printed text (Just and Carpenter 1980; Rayner 1998 ). This was not a correct assumption in our analysis of questions, however. Respondents would frequently look ahead at the response options and would go back and forth among the focal question, context, and response options. These complex strategic activities made it unproductive to look at the standard measures of processing difficulty, such as first fixation durations on a word, number of fixations on a word, total reading time per word, percentage of regressions, and skipping likelihood.
We did find some support for QUAID's detection of unfamiliar technical terms (problem 1). The content words (i.e., nouns, main verbs, adjectives) that are unfamiliar technical terms according to QUAID had longer first fixation durations, longer total reading times, more fixations, and lower skip rates than did content words that are not technical terms. These word frequency effects are well known in the literature on reading from text (Just and Carpenter 1980; Rayner 1998) . This unsurprising finding is perhaps valuable for survey methodologists because it confirms the intuition that technical terms are often manifested in eye-movement behavior. Respondents who fail to spend more time on these technical terms may have difficulties comprehending the question. Questions with several technical terms will run the risk of being misinterpreted or adding a significant amount of processing time that some respondents may not invest.
We originally had hoped that eye tracking would help us detect words that are vague or imprecise relative terms (problem 2) or are vague or ambiguous noun phrases (problem 3). There are a few patterns in the eye-tracking data that have distinctive signatures for these two problems, but the effects are extremely subtle, often not statistically significant, and in need of replication.
Another plausible but incorrect assumption about eye tracking is that difficult questions would require more processing time. In fact, the data reveal that there is a near-zero correlation between the mean reading time per word and the degree to which a question is problematic (e.g., number of problems or presence/absence of a problem). For example, the correlations between the average total reading time per content word in a question and the presence/ absence of a problem are .00, -.05, -.06, -.11, and -.05 for problems 1, 2, 3, 4, and 5, respectively. The corresponding correlations with number of fixations per content word are .00, -.08, -.07, -.10, and -.05. If anything, the participants tended to speed up for the difficult questions, given that the correlations are all in the negative direction. One possible explanation of the low correlations is that our eye-tracking equipment did not have the resolution and calibration accuracy to measure word processing precisely. This explanation can be ruled out by the fact that there is a moderate positive correlation between the word length (number of letters) of content words and total reading time per content word (r = .27), number of fixations (r = .39), and first fixation times (r = .42). A second possible explanation of the counterintuitive result (i.e., near-zero negative correlations between processing time and question problems) is that respondents more efficiently recruit their cognitive resources when the difficulty of the question increases. There is a third possibility that is particularly intriguing, however. Readers may tend to give up processing a question very deeply when the question is difficult. That is, they essentially adopt an "early exit strategy" for problematic questions.
We did observe evidence for the early exit strategy in our analyses of complex syntax (problem 4) and working memory overload (problem 5). Consider first the complex syntax. The questions were segregated into items that do and those that do not have complex syntax according to QUAID; there were 55 questions with complex syntax and 21 without complex syntax. For each item, we identified the point in the item that corresponds to the last word in the focal question and scored that word as point 0. Words before point 0 were scored as negative, whereas words after point 0 (i.e., the answer options) were scored as positive. We then analyzed (a) the furthest point in the item on which there was at least one eye fixation and (b) the point in the sentence when the answer was initially articulated by the participant (i.e., the voice onset). If a participant completed the interpretation of the sentence before the question was answered, then the values of both (a) and (b) would be positive. That is, they would read the question and subsequently answer the question; these are called "full question interpretations." In contrast, errors in interpretation and the validity of the answers would presumably occur when the participants did not finish reading the question before they answered it. Sometimes they would answer the question before the final word in the question was reached and would never read further; these are called "early exits." At other times they would answer the question before the final word in the question was reached but would read on to the end of the question during or after the articulation of the answer; these are called "early articulations." There is another category called "simultaneous" when the onset of the answer is precisely during the final word of the focal question is read. Valid answers would be expected in the case of full question interpretations and simultaneous observations but not in the early exits and early articulations. Table 1 shows the proportion of observations that were classified as full question interpretations, simultaneous, early articulations, and early exits. These proportions were computed for each of the 76 items. The unit of analysis is the question in statistical analyses. We performed an analysis of variance with a factorial design that crossed syntactic complexity (two levels) and processing status (three levels: full interpretation, early articulation, early exit). The simultaneous category was excluded because these are proportions (which add to 1.0 for the four categories) and one category needs to be excluded because of degrees of freedom. There is a statistically significant interaction between syntactic complexity and processing status, F(2, 148) = 3.41, p < .05. When the syntax of the question is complex, there were more early articulations and early exits and fewer full question interpretations. Moreover, in a follow-up analysis we segregated participants with high versus low verbal ability (according to the psychometric test that was administered) and found that this trend was most pronounced for participants with comparatively lower verbal ability. These results are consistent with the conclusion that participants tend to give up when the question is difficult. The same set of analyses is presented for working memory load, as shown in table 1. There were 41 items with high working memory load and 35 with low, according to QUAID. The statistical analyses support the same conclusions as the above interpretations for complex syntax.
The results of the eye-tracking analyses suggest that we need a more complex cognitive model of how participants answer survey questions. The model will need to predict the point in the sentence when the processing load becomes so difficult that the participant either (a) gives up, (b) processes the question more quickly, or (c) more diligently spends time and effort to construct an adequate interpretation. The model will no doubt need to be sensitive to individual differences among respondents.
There is at least one practical implication of these analyses on early exits. When surveys are conducted, there may be circumstances when respondents should be encouraged to read the entire question before answering it. This normally happens when the survey is given orally, but there is no assurance of this when the survey is completed on the Web or by paper and pencil. Web facilities have the potential to provide better control. The question context and focal question can remain on the computer display before the question is finished being comprehended and the respondent presses a button. Then the answer options would appear, and the answers could be collected. This more controlled procedure with Web technologies would presumably yield more valid responses, but that is an open question for future research.
Conclusions and Implications
QUAID is computer tool that potentially can help survey methodologists design, modify, and evaluate questions on comprehension difficulty. It provides another pretesting methodology at the researcher's disposal in addition to conventional pretests, formal appraisal systems, panels of experts, cognitive interviews with respondents, respondent debriefings, behavior coding, and analysis of response latencies (Presser et al. 2004 ). QUAID identifies problematic questions and specific properties of the questions that are problematic but does not revise the questions. Survey methodologists must (a) decide which problems identified by QUAID are likely to be problematic for a given population of respondents, (b) revise the questions that have particular problems, and (c) analyze the questions on other stages of processing, such as memory retrieval, judgment, and response selection.
QUAID's analysis of interpretation problems offers information that goes beyond most of the alternative methodologies. Many potential problems uncovered by QUAID are not noted by survey methodologists, respondents, and experts in language, discourse, and cognition. For example, syntactic analyses are rather subtle and therefore detectable by few individuals. It is conceivable that experts might learn from QUAID and thereby become more sensitive to these problems. The use of QUAID as a training tool for survey methodologists may be a sensible direction.
The accumulation of evidence suggests that QUAID's output has a modicum of validity. Our evaluations reveal that survey methodologists revise questions with QUAID better than they do without QUAID, at least according to judgments of question quality by expert survey methodologists. Our analyses of eye tracking reveal that questions identified as problematic by QUAID were processed differently than the nonproblematic questions. These findings lend support to the validity and utility of QUAID, but additional rigorous assessments are needed in future research. Experiments need to be conducted that assess whether response error rates on surveys are significantly lower in versions of surveys in which the questions are modified by survey methodologists with the assistance of QUAID. Revisions of questions with the assistance QUAID need to be systematically compared with alternative pretesting methodologies in formal tests of response error. We encourage survey methodologists to use QUAID, which is free to the public on the Web, and to perform systematic assessments that uncover its strengths, its weaknesses, and avenues for improvement.
The patterns of eye tracking reveal that question comprehension is guided by somewhat complex top-down processes. It is not the case that readers routinely read questions in a linear fashion one word at a time, left to right, one line at a time. Instead, they hop around between the question and response alternatives. More time is spent in the upper left quadrant than the lower right quadrant (Graesser et al. 2002) . When the question has complex syntax or a high working memory load, readers in our studies tended to take an early exit from reading the question and generate an answer. In essence, they answered the question before they finished reading it. Such early exits could potentially threaten the validity of answers when surveys are completed by paper and pencil. A Web facility that forces the respondent to read the question before presenting the answer alternatives would presumably mitigate this problem. However, we acknowledge that there are conditions when it is preferable to present answer alternatives before presenting the question. One direction for future research is to model eye-tracking mechanisms during question comprehension and to investigate the processing of different question wordings and item layouts.
Future versions of QUAID could be enhanced in a number of ways. The accuracy of the five problems could be improved with more research and development in computational linguistics and corpus linguistics. An analysis of thousands of surveys would allow us to fine-tune virtually all of QUAID's components. QUAID could be enhanced by incorporating special-purpose lexicons and corpora that are tailored to the population of respondents. For example, technical terms associated with financial jargon would be quite different on a survey targeted for accountants as opposed to the general population. QUAID could be enhanced by incorporating additional classes of problems that are summarized in the appendix. In particular, the identification of problematic presuppositions (category 6) and the detection of unclear question purpose (category 9) are good candidates for future efforts. This will require additional computational components that assess world knowledge. The current version of QUAID is only the beginning of our attempt to offer survey methodologists more sophisticated, intelligent technologies for doing their work. 
Appendix: Problems with Questions

